Abstract
Introduction
The international food price surge we have observed in recent years does not seem to fade out. It results in a widespread concern about future evolution of commodities markets with an increasing level of alarm from international institutions, and it becomes an important challenge for developing countries. Every year OECD and FAO (2010) forecast food price patterns: the majority of academic scientists discusses actively on the possible consequences and effects on households' welfare and poverty (e.g. Rapsomanikis and Sarris, 2008; Kwenda, 2010; Shimeles, 2011) , while several scholars have focused on vulnerability assessments (e.g. Meade et al., 2007; Rasmus and Niels, 2009 ) as well as on nutritional impacts (e.g. Jensen and Miller 2008; Ecker and Qaim, 2011; D'Souza and Jolliffe, 2012) .
With regard to the major agricultural commodities, it may be observed that the analysts is that, at least until 2020, most agricultural commodities will be significantly and steadily more expensive than they were in the past decade (OECD/FAO, 2012) . Price dynamics affecting most agricultural commodities since [2007] [2008] are due to occasional events that have become structural over time 3 .
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In a scenario in which international markets evolve continuously and forecasts are rather difficult, questions related to the growth of agricultural prices and socioeconomic disparities among geographical areas have rekindled debates that had been forgotten in recent years, gaining the headlines around the world. Although much has been debated at macro level, it seems that the (still uncertain)
consequences of a food price spike at the household level can be dramatic and heterogeneous. Quantifying the extent and magnitude of these effects is a still open question. The impacts of agricultural price changes on poverty may be discordant and their magnitude are likely to be different depending on many aspects under consideration (Wodon et al., 2008) : macroeconomic dynamics, agricultural commodity peculiarities, distribution of net food buyers and net food sellers among low-income families (Aksoy and Izik-Dikmelik, 2008) , the length of the economic period. For instance, Ivanic and Martin (2008) by Ul-Haq et al. (2008) for Pakistan, while Polaski (2008) suggests positive effects on high food prices for the poorest households in India.
Undertainding the effects of price changes on households is still open to debate, despite some lessons from the recent literature can be already drawn. Whether high or low levels of food prices are bad for the poor, is an issue which depends on their initial conditions (Aksoy and Hoekman, 2010) . In particular the impact of changes in food prices on households welfare depends on the their income sources, volume of agricultural production and sales price 4 , as well as on the households adaptability to (temporary) price volatility caused by unexpected good, bad harvests, or global economic shocks. Actually, a vast majority of the poorest people in developing countries depends on agriculture, therefore higher prices can have major implications for poverty reduction (Hertel and Winters, 2006) and, in some circumstances, food price increases may improve the livelihood of some poor households (Aksoy and Izik-Dikmelik, 2008) . Hence, in order to investigate the potential benefits as well as risks related to price-changes, empirical analyses at micro-level are recommended (Ivanic and Martin, 2008; Duclos and VerdierChouchane 2011) .
From an empirical point of view, policy analysis exercises may be sensitive to economic assumptions. Key variables such as income distribution, inequalities and welfare measures are generally treated as deterministic indexes even though they are computed from a sample of households. Indeed, we cannot exclude that a source of uncertainty on the effects of food price changes on economic welfare and income distribution may be due to the stochastic nature of the underlying information. In particular, the impact of food price changes on income distribution should be assessed providing measures of indexes' variance, so as to avoid any misleading inference due to a large uncertainty around the point estimates, taking correctly into account the complex sample design of the survey (Kish and Frankel, 1974 ).
The present paper addresses explicitly the latter drawback. The purpose of the paper is twofold: first, it aims at providing an assessment of the impacts of food price trends on income inequality in Sub-Saharan Africa; secondly, it aims at exploring the relevance and the role of taking into account the statistical properties of inequality indexes. The analysis of welfare impacts of price changes in SubSaharan Africa is conducted through compensating variation. We estimated Generalized Entropy indexes, so asto assess the income distributional effects and to provide inference on statistical changes in income inequality. The study has been set on three countries, namely Tanzania, Ghana and Ethiopia. Focusing on such heterogeneous countries with respect to GDP, income distribution and poverty, we benefit from a natural framework to exploit the impacts of price changes on income inequality. The analysis is conducted using household surveys (HHS) and taking into consideration the main staple foods in the selected countries' diet and agricultural production. Our paper contributes to provide evidences on the expected welfare and income inequality effects of price changes in Sub-Saharan Africa by deepening on the relevance of taking into account the statistical inference of income distribution changes for (more efficient) policies planning.
The remainder of the paper is as follows: sections 2 is dedicated to the countries description; in section 3 we describe the households survey data, the methodological approach and the results of the analysis of welfare changes; section 4 is devoted to presenting the methodology and results of the analysis on income redistribution; the last section, summarizing the main findings, provides conclusive remarks and policy implications.
Countries description
Poverty and inequality are endemic in Sub-Saharan countries where commodity price volatility remains a deep concern (Wodon and Zaman, 2010) . Sub-Saharan
Africa provides also interesting evidence of the cross-country heterogeneity in terms of economic and social-cultural structure as well as in policy solutions developed to address hunger and social inequality issues. Such country-specific dimensions may have significant influence on the welfare implications of food price changes. Due to the above mentioned reasons, the analysis was performed focusing on three different countries: Ethiopia, Tanzania, and Ghana. These countries have been chosen according to the Global Hunger Index 5 (Wiesmann, 2004; IFPRI, 2010) : we selected the first country within the "alarming" hunger problem group (Ethiopia), the second within the "serious" group (Tanzania) and the latter within the "moderate" hunger problem group (Ghana). The set of analyzed countries cannot be considered fully representative and exhaustive of the regional differences; however, we believe that it suffices in providing interesting results to conclude on the effects of price changes in Sub-Saharan Africa. Maize and its derivates account for one-third of total dietary energy supply, while rice is the second crop for production and consumption. Among the selected countries, Ghana has been the most beneficial from the economic liberalization since the early nineties, particularly in terms of agricultural trade. Since the last decade, the primary sector contributes for less than 40 per cent to the national GDP, despite half of the households still live in rural areas (Diao and Sarpong, 2011) . The share of maize, wheat and rice account only for 17 per cent of the DES:
maize is nevertheless the main staple food in rural areas, and rice is one of the main commodities for consumption in urban areas.
Welfare impacts of price changes

Methodology
A common approach to assess the impacts of price changes is to compute money-metric measures of welfare changes. Given the indirect utility function ܸሺ‫;‬ ‫,ݕ‬ ߨሻ , the welfare effects of price changes can be measured through a compensating variation measure (Mghenyi et al., 2011) :
where ‫‬ and ‫‬ ᇱ are prices at initial and new level, ‫ݕ‬ is the household income deriving from all sources, except from the good for which a price change is hypothesized, ߨ represents the profit function depending on price changes, while ݉ is the ex post income change necessary to leave the original level of the household's utility unchanged. The variable ݉ represents the i-th household change in welfare due to a price change of the j-th good and it depends on consumption and production shares, prices and income elasticities, risk aversion and price changes:
where ‫ݏ‬ , ௦ and ‫ݏ‬ , represent the shares of production and consumption of household ݅ for the j-th good, ߝ ௦ , ߝ and ߟ are the aggregate own price elasticities range of values from several empirical studies (e.g. Teklu, 1996 , Danielson, 2002 Seale et al., 2003; Thiele, 2003; Abdulai and Dominique, 2004) . The bundle of goods included, for each of the considered country, contains wheat, maize (including other cereals), and rice. Following Myers (2006) and Mghenyi et al. (2011) , we compute the individual welfare change ݉ , by taking its second-order Taylor series approximation:
The first term represents the short-run effect of price changes, depending on production values cleaned out by consumption. The second term (in square brackets) represents the long-run effect which relies on household adaptation strategies. The third term is the indirect effect of price changes weighted by household's income elasticity and risk aversion. The weighted sample mean of the
) are calculated for each population subgroup and for the total population by summing over the ݄ households and the ݊ goods the (partial) welfare changes and by dividing by the sum of sample weights (w i ).
Moreover, in order to assess whether risk aversion would influence welfare (re)distributional changes, we adopt an expo-power utility function (Saha, 1993; Moschini and Hennessy, 2001; Serra et al., 2006 ) of household's income ‫ݕ(‬ ߨ ሺ‫‬ ଵ ሻ ) to compute welfare changes under decreasing relative risk aversion (DRRA). Therefore we assume high-income households are (relatively) less risk averse 7 . According to Ogaki and Zhang (2001) poor households tend to be not willing to face any risk: thus, the RRA coefficient would be a decreasing function of wealth 8 .
The effects of price changes on households' welfare may be threefold (Aksoy and Hockman, 2010) . Firstly, they might affect household food expenditure and diet composition depending on demand elasticity; secondly, they might influence returns from farming as much as the household is directly engaged in the agricultural activities; lastly, demand for labor and wages in agricultural sector might be affected. Moreover, food price changes might increase or decrease investments in agricultural sector and changing farm productivity. The information have been made as much comparable as possible across countries and years. In some circumstances, the standardization process led to nonperfectly comparable concepts (for example, periods of recall ranges from one week in some countries to one year in others, to calculate agricultural incomes or food expenditures), while the most sensitive data homogenization process has concerned the categorization of the produced and consumed food items, between aggregated food categories (wheat, maize and rice), and the agricultural and food items included in each HHS.
Survey data description
As already stated, changes in income inequality depend on specific household characteristics, such as sources of income and relative diversification, dependence on the production and sale of agricultural products, and the degree to which the household is a net purchaser of food products. Households decomposition in different mutually exclusive sub-groups provides insights into the redistributional effects of price changes among the various homogeneous classes of households (Mulenga and Van Campenhout, 2008) . In our study, households have been divided in homogenous groups by income sources and labour allocation, according to a largely adopted criterion (Hertel et al., 2007) . f. Diversified source of income for households in urban areas.
Welfare changes
Equation (3) was applied to compute welfare changes due the price trends.
Household data have been weighted, in order to be statistically representative of the analyzed countries. Price changes (ߣ ), calculated from OECD-FAO forecasts, indicate prices will rise in all but one case: the price of rice in Tanzania (-38 .3%), the country with the lowest income levels and the largest dependency on agriculture. The welfare in Tanzania is slightly affected (-2.1%), while for Ghana we assessa -10% welfare change on average.
Household's area of residence (urban or rural) and income diversification leads to social welfare effects in different directions and to differing degrees. The reason for this distinction lies in the fact that net consumers of agricultural products are concentrated in urban centres, while in rural areas -where there is a greater number of poor families and few occupational alternatives -the category of producersconsumers is concentrated. Secondly most of the benefits fall on the producers with the largest agricultural production -and most likely with the higher income (Mellor, 1978) .
In order to empirically investigate the income (re)distributional changes, new income levels (t 1 ) are computed by applying the welfare changes to the baseline. A preliminary graphical analysis through kernel densities shows that income changes are rather minimal for Tanzania and Ghana (Figure 2 ). On the contrary, the income distribution in Ethiopia shifts on the left, coherently with our previous results.
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As far as households strata are concerned, increases in price levels should benefit producers and penalize consumers. Such a statement is true for Tanzania, where large agricultural enterprises' gain is around 5 percent (Table 3) . Moreover, large and small agricultural farmers, accounting respectively for 12 percent and 18
per cent of the total population, are the only winners. In Ethiopia and Ghana, on the contrary, small agricultural enterprises -accounting respectively for 48 per cent and 28 per cent of the total population -are big losers.
In general, households receiving transfers, which represent a small proportion of the total population, face substantial losses (-7% in Tanzania, -45% in Ethiopia and -16% in Ghana). Such negative outcomes are probably due to the independency of their income sources from agriculture, while their consumption expenditure is largely affected by staple food prices changes. A further difference to be highlighted is the impact on households with diversified income sources and classified as rural or urban: the former are penalized in Ethiopia, the latter in Tanzania, while in Ghana both categories seem less penalized by food price changes.
Income (re)distribution and inequality indexes
Methodology
Welfare changes, measured through a compensating variation formula, suggest that price changes are not neutral in Sub-Saharan Africa. From a policy perspective, welfare changes in Least Developed Countries (LDCs) are important for poverty and income inequalities implications 12 (Peters, 2006) . In this section, we investigate the latter issue by referring to a broad class of inequality indexes:
the Generalized Entropy (GE) and the Atkinson indexes. Those statistics, widely adopted in analyses of economic inequalities (see Cowell 2000 for a survey), are able to provide a measurement of income distribution under different assumptions of inequality aversion and provide similar results to newer measures of inequality (Zhang and Kanbur, 2001) . The GE index is given by:
where ‫ܨ‬ and ߤሺ‫ܨ‬ሻ are respectively the income distribution function and the mean income, ‫ݕ‬ represents the individual income in the baseline period or in period one, and ߙ ‫א‬ ሺെ∞, ∞ሻ is a parameter indicating the sensitivity of GE to upper or lower tails of distribution: for 0, the index is very sensitive to distributional changes affecting the upper tail (that is high income households); for ߙ ൏ 0, the index is sensitive to changes in the lower tail (that is low income households). The
Atkinson index is as follows: 
The GE index is a general formula for measuring the redundancy in data (e.g. the order of entropy): the higher the index, the higher the inequality. In order to derive statistical inference on income distributional changes, the GE indexes and their standard error are estimated, computing z-ratios tests of statistical significance 15 with ‫ܧܩ‬ ௧ బ ሺߙሻ ൌ ‫ܧܩ‬ ௧ భ ሺߙሻ under the null hypothesis.
A fundamental property of income distribution analysis is the decomposability of the indexes, that is indexes can be decomposed by income source or population sub-groups (Theil 1979) . The former has been applied in several studies aimed at understanding the determinants of income inequality (cfr. Adams and Jane, 1995; Bellù et al., 2006; Ngepah, 2011) , while the latter is more related with sociodemographical aspects: in other terms the former is a positive approach, the latter a normative one. We adopted an income inequality decomposition by income source to provide evidence of the different -and sometimes opposite -internal dynamics in income redistribution that lead to global results.
The inequality indexes are decomposed in "within" and "between" groups GE indexes to deepen the analysis of income (re)distributional dynamics in terms of internal inequalities. In order to evaluate "between" groups fraction, the index is To sum up, despite the computed ‫ܧܩ‬ሺߙሻ indexes increase from t 0 to t 1 , suggesting that price changes would increase income inequalities, the statistical inference casts doubts in two out of three countries. In particular, we observe that only for Ethiopia the inequality changes are statistically significant.
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In figure 3 we present the Lorenz Curves of income distributions observed in t 0 and forecasted for t 1 . The income distributions in Tanzania and Ghana seem not to be affected by price changes as the Lorenz Curves in t 0 and t 1 are almost overlapped.
On the contrary, the Lorenz Curves related to Ethiopia and computed in t 0 and t 1 are significantly different: the curve in t 1 is farer from the 45° degree line, that is the income distribution will tend to be more unequal. Finally, the confidence intervals for t 0 and t 1 , computed following Beach and Davidson (1983) , do not overlap, thus suggesting the shift would be significative in statistical terms.
A second step of the analysis on income redistribution consisted in decomposing the inequalities in the "within" and "between" groups inequalities.
The decomposition of ‫ܧܩ‬ሺߙሻ indexes shows that in all cases the "within" index increase, in that the income inequalities among households belonging to the same category increase (Table 4) . We found that price changes from t 0 to t 1 tend to exacerbate the inequalities among groups of households in Ethiopia and in Ghana.
As far as the "between" indexes are concerned, we observe negative changes for Tanzania and Ghana, while the opposite is true for Ethiopia. However, such changes are statistically not significant for Tanzania and Ghana, while they are statistically significant only for Ethiopia 17 .
These findings are coherent with previous results from z-ratios tests: in Ghana, the different dynamics related to income redistributions "within" and "between" categories seem to balance each other, thus aggregate changes in ‫ܧܩ‬ሺߙሻ indexes are statistically not significant; in Ethiopia, inequalities are increased both "within"
and "between" categories, and indeed the index changes are statistically significant. Lastly, we do not have statistical evidence to support any "within" or "between" income redistribution in Tanzania.
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Conclusive remarks
The agricultural commodities prices surge observed during the past decade as attested by OECD-FAO data and projections pushed prices to higher levels with respect to the nineties, a situation that is expected to persist in the medium-term.
Despite the impacts on developing countries and LDCs have been largely analyzed, the literature has not reached a consensus on the potential effects on income inequality. The effects might be rather heterogeneous depending on the countries and households characteristics, and hard to be generalized. This paper presents an empirical analysis of the impacts of expected food price changes on welfare and income inequalities in three heterogeneous Sub-Saharan Africa countries differing largely for GDP, income distribution, poverty and hunger levels. The study focused on Ethiopia, Tanzania, and Ghana taking into account the main staple foods for consumption and production. Following Mghenyi et al. (2011) Our findings are twofold: on one hand, our analysis shows how price trends will tend to harm Sub-Saharan Africa in terms of welfare losses, the extent of which depends largely on the economic structure, and on households' characteristics. In particular, price trends are likely to exacerbate intra-groups inequalities: this result suggest that the future agenda of welfare policies in Ghana and Ethiopia should include interventions to promote the convergence across household groups. On the other hand, we contribute in showing the relevance of taking into account the statistical inference of income distribution indexes when sample data are used. In particular, our results highlight the weakness of results from GE(α) indexes computation when statistical inference is not taken into account. A correct data analysis is a fundamental step for policy planning: as we have shown simple computations might not suffice as basis for policy decisions. For example Mitchell (2008) shows how political support of biofuels contributed to establish a close link among prices of agricultural commodities, and trend in crude oil prices. 4.
In particular the impact is different for net-buyers and net-sellers, that is if the household consumption overcomes or not the production of agricultural products. 5.
The Global Hunger Index (GHI) is a multidimensional statistical tool, used to describe the hunger situation of a country. It ranks countries on a 100 point scale, with 0 being the best score ("no hunger") and 100 being the worst. 6.
AGLINK-COSIMO projections 2011-2020 are available from OECD-FAO Agricultural Outlook 2011-2020 website. AGLINK-COSIMO is a recursivedynamic, partial equilibrium, supply demand model of world agriculture, developed by the OECD and FAO Secretariats in close co-operation with member countries and some non-member economies, covering in total 39 agricultural primary and processed commodities and 52 countries and regions. 7.
The expo-power function is flexible and allows to assume decreasing, constant and increasing relative risk aversion depending on values of the parameter α. As implies decreasing RRA, following Saha (1993) we set the parameters α equal to 0.5 while β=0.1.
8.
A sensitivity analysis under increasing and constant relative risk aversion shows that results are not sensibly affected by such an assumption. 9.
Although the survey has been conducted more than a decade ago, it is important to stress that the paper relies mainly on the relevance of statistical inference and the point estimates are currently out of the scope of our investigation. 10.
The classification of small scale farmers sub-group was based on both the netincome and crop land rules among the households in the "agricultural enterprises" group (Lund and Price,1998; Kirsten and Van Zyl, 1998) .
11.
A sensitivity analysis, assuming a range of elasticities values from -1.03 to -0.42 for ߝ , from 0.55 to 1.27 for η j , and from 0.13 to 0.72 for ߝ , shows that the main implications of our results are not affected by parameters choice. 12.
A vast literature investigated the relevance of income inequality relies on economic growth (for example Kuznets, 1955; Klasen, 2008; Odedokun and Round, 2004; Davis and Hopkins, 2011; ) . 13.
For ߝ ՜ 0 the index is very sensitive to distributional changes affecting the upper tail, for ߝ ՜ 1 the index is sensitive to changes in the lower tail. 14.
Cfr. Cowell (2000) for a complete survey on the properties of inequality indexes.
15.
Cfr. Biewen and Jeankins (2006) for further details. 16.
We consider the statistical significance at 5% level, that is |z| < 1.6 implies we cannot reject the null hypothesis ‫ܪ‬ : ‫ܧܩ‬ሺߙሻ| ௧ బ =‫ܧܩ‬ሺߙሻ| ௧ భ 17.
We consider the statistical significance at 5% level, that is |z| < 1.6 implies we cannot reject the null hypothesis ‫ܪ‬ : ‫ܧܩ‬ሺߙሻ| ௧ బ =‫ܧܩ‬ሺߙሻ| ௧ భ Short-run
